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577 "ABSTRACT

Oscullator circuit comprising an amplifier arrangement_ |
being connected to a reference level an output and an
mput thereof being coupled via a single signal-carrying

terminal to a resonant network which is connected to =~
the same reference level as the amplifier arrangement,

the resonant network comprising a crystal resonator. A
stable oscillation at a higher order crystal resonant fre-

quency 1s provided by means of an LC-network which
selects said higher order crystal resonant frequency and

a resistor connected in parallel across the crystal reso-

- nator, which prevents parasitic oscillations at the reso-
-nant frequency determined by the components of the
~LC-network and the case or holder capacitance of the

crystal resonator.

- 4 Claims, 8 Drawing Figures
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CRYSTAL RESONATOR OSCILLATOR HAVING

'CIRCUITRY FOR SUPPRESSING UNDESIRED
CRYSTAL HARMONICS

The invention relates to an oscrllator crrcult compris-
~ ing an amplifier connected to a reference level. The

output as well as an input thereof is coupled by a smgle o
- signal-carrying terminal to a resonant network which is

connected to the same reference level as the amplifier.
The resonant network includes a c'rys’tal resonator.
- Such an oscillator circuit is disclosed in Netherlands

~ has been laid open to public inspection.
- The amplifier of the prior art oscillator circuit func-

' tions as a negative resistance for the resonant network
- and is simple to implement. Because of the single, signal
voltage-carrying connection between this integratable
~ amplifier and the resonant network which cannot be

‘integrated or is difficult to integrate, this prior art oscil-

-
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| 2 . _
When this arrangement 1s used, the output current of
the amplifier produces across the resonant network a

- voltage whose amplitude is at a maximum at the se-

~ lected higher order crystal frequency and whichis posi-
tively fedback to an input of the amplifier through the
“terminal. | -

A further preferred embodrment of such an oscrllator' -_
circuit includes in one branch the capacitance of the

- LC-network in series with the parallel arrangement of

10

- Patent Appltcatlon No. 8,002,064 (PHN 9728), Wthh. :

the crystal resonator and the resistor and that the induc- -~

- tance of the LC-network is included in the said other
-branch.

- When this measure is applied a snnple d C. settmg of

the amplifier is possible.
15

A further preferred embodiment of an oscillator cir-

~ cuit according to the invention includes for the ampli-

lator circuit is particularly suitable for use in integrated

~circuits whose number of pins must be kept to a mini-
- mum. In the above-mentioned construction (one-pin

crystal oscillator) the crystal resonator stabilizes the 2 .

- oscillation frequency in the resonant network of the
“known oscillator circuit. Oscillation then occurs only at

“the first harmonic of the crystal resonator, referred to

herein as the first order crystal frequency for the sake of
| brewty |

SUMMARY OF THE INVENTION _
“Itisan object of the invention to effect a stable oscil-

latlon at a higher order crystal frequency In a one-pln |

crystal oscillator.

According to the mventlon an oscﬂlator circuit, .

- includes a resonant network which comprises an LC-

30
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fier a voltage output which is coupled to the terminal,
and the LC-network is a series LC-network between

‘the terminal and the reference level in series with the

parallel arrangement of the crystal resonator and the
resistor. The value of the impedance of the resonant

network between the terminal and the reference level is o
- real and greater at the parasitic resonant frequency than
at the higher order resonant frequency of the crystal

resonator.
When this measure is applred the output voltage of

‘the amplifier produces a current through the resonant "
- network, whose amplitude is at its maximum at a se-.

lected higher order crystal frequency and which is posi-
tively fedback to an input of the amplrﬁer arrangement

_through the terminal.

The invention will be further explalned with refer-

- ence to the Figures, which serve as examples and in

35

network coupled to the crystal resonator for a selection

~of a higher order resonant frequency of the crystal
~resonator. A resistor is arranged in parallel with the
crystal resonator for preventing oscillations on the par-

~ which corresponding elements have been glven the o

same reference numerals.

DESCRIPTION OF THE FIGURES

FIG. 1 shows an oscillator circuit according to the.}'--' o

~ invention;

asitic resonant frequency produced by the LC-network
and the case or holder capacitance of the crystal resona-

tor.
~ With the present mventlon, the amplltude of the (real)
| .m-—phase signal which is positively fed back to the ampli-

fier is increased at the desired higher order crystal fre- '

quency relative to the amplitude of the signal at the
unwanted crystal frequencies by means of the L.C-net-
work, and relative to the amplitude of the signal at the
- said parasitic resonant frequency by means of the said

~resistor. With a suitable choice of the gain, the oscillat-
- 1ng condition is only satlsﬁed at the desu'ed hlgher order

- crystal frequency.

- In a preferred embodlment of an oscﬂlator circuit
- according to the invention, the amplifier has a current

output which is coupled to the connecting terminal, and |

45
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- the resonant network comprises two branches arranged

in parallel between the termmal and the reference level.
~ One branch comprises a series arrangement of one of
- the two elements of the LC-network and the parallel
arrangement of the crystal resonator and the resistor.
The other branch comprises the other element of the
LC-network, the value of the impedance of the resonant

- network between the terminal and the reference level

being real and smaller at the parasitic resonant fre-
‘quency than at the higher order resonant frequency of
the crystal resonator. | |

. |

FIG. 2 shows an equivalent circuit diagram of the
resonant network of the oscillator circuit of FIG. 1;
FIGS. 3A, B and C show equivalent circuit dragrams- |
of the resonant network of the oscillator circuit at the

first and third order crystal frequencies and at the para- .

sitic resonant frequency; |
F1G. 4 shows the frequency-dependent variation of

the real part of the. unpedance of the resonant network,

with the resistance arranged in parallel with the crystal

resonator as a parameter;

50
- the imaginary part of the impedance of the resonant

- network, with the said resistance as a parameter; |

FIG. 5 shows the frequency-dependent variation of

FIG. 6 shows an oscillator circuit according to the
1nventxon, which is structurally analogous to the one of

FIG. 1.

DESCRIPTION OF THE PREFERRED
- EMBODIMENT

- FIG. 1 shows an oscillator circuit according to the .'
invention comprising an integrated amplifier A, which

18 connected to a grounded resonant network Z through

65

~a signal-carrying terminal t, the ground reference.

contact of the resonant network Z correspondmg to.
that of the am;ahﬁer A. |
‘The amphﬁer A is known per se and used in the inte-

- grated circuit TDA 7000. For an understanding of the

 invention 1t is sufficient to mention that the amplifier A

isa voltage-controlled current amplifier whose terminal - '
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t constitutes both the voltage input and the current
output. The amplifier arrangement A applies to the
resonant network Z through the terminal t an output
current which 1s controlled by the voltage across this
resonant network Z and which consequently must be
understood to be a negative resistance —R, which is in
parallel with the resonant network Z.

As i1s known, oscillation occurs at a loop gain equal to
unity. In the embodiment shown this takes place when
the impedance of the resonant network Z is real and at
least equally large as the gain/ - R/ of the amplifier A.
If such a situation occurs at different frequencies, then
the oscillation frequency at which the impedance is real
and at 1ts maximum will be dominant over the other
frequencies.

The resonant network Z comprises a parallel LC-net-
work LC; of which the capacitance Cj is arranged in a
first branch between the terminal t and ground in series
with a parallel arrangement of a crystal resonator Q and
a resistor R, and of which an inductance L is included
In a second branch which is arranged in parallel across
the first branch.

FIG. 2 shows the resonant network Z in which the
crystal resonator Q is represented by a plurality of par-
allel RLC-series resonant networks Qi, Q3, Qs. . ., each
having a comparatively high quality factor and each
bemg tuned to one of the respective crystal frequencies
foy-3fp, 5fo . . ., f, being the first order or fundamental
-~ crystal frequency. The case or holder capacitance of the
- crystal resonator Q, called crystal capacitance hereinaf-
- -ter, 1s represented by means of a capacitor C;, which is

~-connected in parallel across the RLC series resonant

networks Qy, Q3, Qs .

Because of said comparatively high quality factors,
the crystal resonator Q can be represented, in the reso-
- nant mode, by the parallel arrangement of one of the
 comparatively low series resistances Rj, R3. . . of the

series resonant networks Qi, Q3. . . and the crystal
- capacitance Cp. FIGS. 3A and 3B show, by way of
- example, the equivalent circuit diagram of the resonant
network Z at the first and the third order crystal fre-
quency, respectively (f, and 3f,, respectively). The se-
ries resistors Ry and Rj are of approximately the same
order of magnitude and are not only arranged in paralle]
with the above-mentioned crystal capacitance C; but
also m parallel with the resistance R,.

If oscillation is desired at, for example, the thu‘d order
crystal frequency 3f,, then the resonant frequency of
the parallel LC-network L.Cy must be chosen equal or at
least substantially equal thereto, so that the real impe-
dance of the resonant network Z at this desired crystal
frequency f, is at least higher than the real part of the
impedance at the other crystal frequencies f,, 5f,, 7f,. .

However, in combination with the crystal capaci-
tance Cathe parallel LC-network IL.C| produces a para-
sitic resonant frequency (fyq,), independent of the state
of the crystal resonator Q. At this parasitic resonant
irequency f;, the resonant network Z can be repre-
sented by the equivalent circuit diagram shown in FIG.
3C, 1in which the impedance of the crystal resonator is
~only determined by its crystal capacitance C,.

When the resistor R, is not present, that is to say
Rp= o0, then the losses in the resonant network Z at the
crystal frequencies f,, 3f, . . . are respectively deter-
mined by the series resistors R, R3. .. and there are no
losses at the parasitic resonant frequency fpar. Conse-
quently, the impedance of the resonant network Z is not
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only real but also at its maximum at the last-mentioned
{per. Thus, the oscillator circuit will oscillate at this
unwanted parasitic resonant frequency fp,,, which is
sensitive to temperature-fluctuations and ageing of the
components. Now the impedance of the resonant net-
work Z, particularly at the unwanted parasitic resonant
frequency fpar is reduced by means of the resistance R,
relative to the impedance at the desired third order
crystal frequency 3f,.

The influence of the resistance R, on the impedance
of the resonant network Z is represented in FIGS. 4 and
5 by curves Roo (Rp=0), R2sp (R,=2508) and Regg
(Rp=600). FIG. 4 shows the frequency-dependent
variation of the real part of the impedance of the reso-
nant network Z and FIG. § shows the imaginary part of
that impedance. This is based on a crystal resonator Q
having a desired 37 order crystal frequency 3f, of 50
MHz, a crystal capacitance of approximately 5 pF and
series resonant resistors R and R3 of 7€ and 10Q, re-
spectively, a capacitance Cj of 25 pF and an inductance
L of 400 nH. FIG. 4 shows that at a resonant frequency
of the parallel LC-network LC; equal to the desired
third order crystal frequency 3f, (50 MHz), a decreasing
resistance R, hardly affects the impedance of the reso-
nant network Z at this desired crystal frequency 3f,, and
that this decreasing resistance reduces to a very high
extent said impedance at the unwanted crystal fre-
quency f, and particularly so at the parasitic resonant
frequency {0, (3V 5f,). FIG. 5 shows that this resistance
R, prevents for low values (for example R ,=602) zero-

crossings in the imaginary part of the impedance of the
resonant network Z at the unwanted resonant frequen-

cies (fo, fpar). The impedance is then only real at the
desired crystal frequency 3f,.

In the example given an effective suppression of oscil-
lation at the non-wanted resonant frequencies fpar, foy
3, . . . 1s accomplished at a value of R, of approximately
25042. It will be obvious that R, cannot be chosen to
have an unlimited low value, as then the crystal resona-
tor Q will be attenuated too highly. In order to keep the
mfluence of the resistance R, on the impedance of the
resonant network Z low at the desired crystal fre-
quency 3f,, this resistance R, must exceed the value of
the series resonant resistance R3 (see FIG. 3B) to such a
large extent that R, hardly affects the parallel values of
R, and Ra.

It will be obvious that the effective value of the resis-
tance R, 15 also determined by the capacitance ratio
between Cj and C; it will not be difficult for a person
skilled 1n the art to determine an effective value for R,
at component values and for crystal frequencies (5f,, 7f,

. ) other than those of the above example. Oscillation
at the parasitic resonant frequency fj,,-can be prevented
and only oscillation occurring at the desired higher
order crystal frequency stabilized by the crystal resona-
tor Q will occur.

In the embodiment shown, the inductance L forms a
direct current path which simplifies the direct current
setting of the amplifier A. The positions of the compo-
nents Cy and L of the parallel LC-network LC; in the
resonant network Z 1s, however, in principle not impor-
tant for the invention and these positions can be mutu-
ally mterchanged when the direct current supply to the
amplifier A is adapted thereto.

In addition, it is possible to apply the invention to an
oscillator circuit which is structurally analogous with
regard to the oscillator circuit shown in FIG. 1, this
dual circuit being shown in FIG. 6. It comprises an



“amphfier A’ whlch is connected to a resonant network

Y through a terminal t'. The amphﬁer A'ls known per

se, for example, from the German Patent Application

- 'No. 3,104,849, which has been laid open to public in-

spection. To understand the invention it is sufficient to

~ known that this amphﬁer A’ operates as a current-con-

“trolled voltage source whose terminal t' constitutes
 both the voltage output and the current input. The

~ amplifier through A’ supplies via the terminal t' an-
- output voltage which is controlled by the current

10

through the resonant network Y and must consequently

- be considered as a negatlve resxstance —R which, for

. alternating current, is arranged in series with the reso-
| 15

nant network Y. Arranged between the terminal t’ and

- a ground-reference level the resonant network Y com-
. prises a series LC-network L'Cy’, which is arranged i mn

nator Q and the resistor Rp. |
1In accordance with what has been descrlbed for the
~ resonant network Z, a stable oscillation at a desired
‘higher order crystal frequency (3f,, 5f,. .. ) is obtamed

o series with the parallel arrangement of the crystal reso-

20

by choosing the resonant frequency of the series LC-

network L'Cy’ to be equal to this desired higher order

S referenee level at the parasitic res_on_ant frequency,
. which is now determined by the values of the compo-
-+ nents L', Cy’ and Cy, is higher than at the des:red crystal
ENTREE frequency | | |

What is. clalmed 1S:
1. An oscillator circuit comprising:

terminal; and

25
- crystal frequency and by choosing the resistance R,
~ such that the real value of the impedance of the reso-

.. wnant network Y between the terminal t’ and the ground-

4,574, 257

6 o
nected to said reference level connectlon, sald reso-
nant network including: | |

(a) a crystal resonator;
(b) an LC-network coupled to said crystal resonater

for selecting a higher order resonator frequency of

- said crystal resonator; and

~ (c) a resistor connected in parallel with said crystal, L

resonator for suppressing oscillations at a parasitic
_. oscillation frequency produced from said LC-net-
work and a case capacitance associated with said
crystal resonator. | |
2. An oscillator circuit as claimed in claim 1 wherem

~the amplifier has a current output which is coupled to

the terminal and the resonant network comprises two

parallel branches connected between the terminal and
- the reference level connection, one branch comprisinga

series circuit of one of the two components of the LC-
network and the parallel circuit of the crystal resonator
and said resistor, and the other branch comprising the |

other component of the LC-network, the resonant net-
~work having an impedance between the terminal and
~ the reference level connection which is real and smaller
at the parasitic resonant frequency than at the higher
~order resonant frequency of the crystal resonator.
3. An oscillator circuit as claimed in claim 2, wherein = -
said one branch includes the capacitance of the LC-net--

- work in series with the parallel connected crystal reso-
nator and resistor, and said other branch includes the =

-~ inductance of the LC-network.

30 .
‘the amplifier has a voltage output which is coupled to

4. An oscillator circuit as claimed in claim 1, wherein

‘the terminal and the LC-network is a series LC-network

- connected between the terminal and the reference level N
- 1 series with the paralle] crystal resonator and resistor,
5 35
~ an amplifier having a reference level connectlon, and
~ input and output connected to a mgna] carrymg |

“a resonant network having one end. connected tosaid

signal carrying terminal, and another end con-

40
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the value of the impedance of the resonant network

- between the terminal and the reference level being real =~
- and greater at the parasitic resonant frequency than at
‘said higher order resonant frequency of the crystal

resonator. o
* %k k% %k
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